In this study, manganese (Mn) doped ZnO and TiO2 were synthesized through the co-precipitation method. The Mn doping content was set at 6 atomic percent (at.%), and the physical properties of all prepared samples were investigated using energy dispersive X-ray spectroscopy, X-ray diffraction, UV-Vis spectroscopy, and electron spin resonance measurement. The results show that the anatase structure from TiO2 and hexagonal wurtzite from ZnO remained unchanged with the incorporation of the Mn dopant. The grain size of the corresponding TiO2 and ZnO slightly decreased after Mn incorporation, and the band gap energies of TiO2 and ZnO nanoparticles decreased after Mn doping. The electron spin resonance measurement confirmed the existence of oxygen vacancy from the TiO2 and ZnO lattice and increased with the incorporation of the Mn ion. To investigate the potential applications of the samples, the photocatalytic activity of the samples was evaluated to determine the degradation of malachite green from the aqueous solutions under UV light irradiations.
Introduction
Semiconductor materials have been widely investigated in many applications such as electronic, environmental, and energy applications [1, 2] . Therefore, the development of semiconductors has become an important issue to improve their physical properties. TiO2 and ZnO are the most investigated semiconductors for various applications due to their low cost and easy production [3, 4] . ZnO and TiO2 are the n-type semiconductor materials with a band gap energy around 3.2-3.4 eV [5, 6] . Due to their interesting properties, ZnO and TiO2 semiconductors have been widely used as photocatalysts, sensors, and other components [7, 8] . However, modification of ZnO and TiO2 to improve their physical properties such as structural and optical properties is challenging.
Manganese (Mn) incorporation/doped semiconductor is one of the solutions to improve the physical properties of the semiconductors. Several reports have suggested that Mn doped semiconductors could modify the optical and structural properties. For example, Ganesh et al. [9] studied Mn doped ZnO nanoparticles fabricated by hydrothermal method and found that the optical characteristics of Mn doped ZnO nanoparticles shifted to a higher wavelength and that the color of the nanoparticles changed from white to yellow. Viswanatha et al. [10] also reported the formation of Mn doped ZnO nanoparticles fabricated by a colloidal method and found that the optical characteristics of ZnO nanoparticles shifted to a lower wavelength. In addition, the shifted absorbance ability of Mn doped ZnO compared to the absorbance ability of ZnO nanoparticles is due to the quantum confinement effects.
Based on the presented explanation, this study compares the effect of Mn on the optical and the structural properties of ZnO and TiO2 nanoparticles. Both samples were prepared by the coprecipitation method. The physical properties of all the fabricated samples are characterized using X- ray diffraction (XRD), energy dispersive x-ray (EDX) spectroscopy, UV-Vis diffuse reflectance spectroscopy, and electron spin resonance (ESR). The photocatalytic activity of the both samples was also evaluated to investigate their potential applications for wastewater applications.
Experimental details
Several materials can be used without further purification, which include zinc (II) sulfate (ZnSO4.7H2O, 99%, Merck), manganese nitrate [Mn (NO)3, Merck], and titanium chloride (TiCl4, 99%, Merck). The required degree of Mn doping is obtained by mixing ZnSO4.7H2O and TiCl4 in distilled water with Mn(NO)3. These solutions were designated as solutions A and B. Solutions A and B were accomodated in an ultrasonic cleaner for approximately 120 min and was operated at a frequency of approximately 57 kHz. Further, approximately 44 mmol NaOH was added to approximately 440 mL deionized water for obtaining a new solution, i.e., Solution C. Then sonication was applied. Further, Solution A was magnetically stirred at normal room temperature using a magnetic mixer, and Solution C was added to it till a pH of 12 was obtained. Subsequently, the solution was magnetically stirred for approximately 30 min; then it was leaved at normal room temperature for approximately 18 h. Centrifugal technique and washing were attempted to eliminate the unwanted residuals. Washing may be performed several times as per the requirement. Ethanol and distilled water were generally used for washing. Finally, the product was dried at 200 °C for approximately 60 min in a vacuum oven.
X-ray diffractometer was used to analyze the structural characteristics of the product. The Philips PW1710 model of X-Ray Diffractometer was used in the experiment along with monochromatic radiations of Cu-Kα having a wavelength of approximately 1.5406 Å and was operated at a voltage of 40 kV and a current of 20 mA, when 2θ = 10°-80°. Silicon powder is used to calibrate the diffractometer. The JCPDS data were used to compare and verify the patterns of X-ray diffraction of nanoparticles. Diffuse reflectance spectroscopy was applied for analyzing the optical performance and properties of the product. All the spectra for analysis were approximately 250-800 nm and a Shimadzu UV-Vis spectrophotometer, which was embedded with an integrating spherical attachment and enabled with the spectralon reflectance standard, was used. All the experimental measurements of ESR were obtained for 0-71 T field. Electron-scanning-based EDX was used for analyzing the composition of the samples.
The photocatalytic activity is performed on the degradation of malachite green from the aqueous solution. Typically, 0.3 g of the catalyst was used to dissolve in 100 mL of the aqueous MB solution (20 mg/L). The photocatalytic process was noticed in a cylindrical glass vessel equipped with two UV-C lamps of 40-W and a magnetic mixer. The degradation of methylene blue was then monitored by UV-Vis spectroscopy, and the quantitative analysis of the photocatalytic experiment were calculated using the following equations:
where ! ! and ! ! are the initial dye concentration the dye concentration after time t, respectively 
where ! !!" , D, k, λ, and ε are the full width at half maximum (FWHM), average crystallite size, shape factor, wavelength of the Cu-Kα radiation, and microstrain parameter, respectively. Shape factor k is considered as 0.9 for this study. The linear plot of the W-H plot equations is plotted in figure 3 figure 4 . The figure shows that the Mn doped ZnO samples showed a senarius line resulting from isolated Mn 2+ ions in the wurtzite ZnO crystal field, revealing that Mn 2+ ions had started to replace Zn 2+ lattice. The ESR spectra of Mn doped TiO2 shows several signals that can be attributed to the existence of oxygen vacancies and Ti 3+ . The hyperfine structure from Mn 2+ is seen in the range of 3415 Gauss and 3359 Gauss [11, 12] .
In addition, the existence of Mn 2+ and oxygen vacancies can be confirmed by ESR measurement that indicate that the UV-Vis explanation is reasonable for the band gap narrowing of the Mn doped ZnO and Mn doped TiO2 samples.
The photocatalytic activity of Mn doped TiO2 and Mn doped ZnO nanoparticles is investigated on the degradation of malachite green, as can be seen in figure 5 . The figure shows that the absorbance spectra of malachite green gradually decreased with increased irradiation time. This is due to the removal of malachite green from the aqueous solution through a photocatalytic process by using a 
